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CLAIMS 

1. A method of microwave pre treaimeiit of a mulii-phase material 
prior to a subsequent operation on the material, the material having a first 

5 phase of material,^ a second phase of material, the j^thqd comprise 
hea^g the material with microwaves, producing a power density of at 
least 10»Wm^ in a continuous process in which the material moves into 
and through a microwave treatment area and experiences exposure to 
microwaves, in the treatment area for a time of the order of Vfe second iw 

10 less, for a short enou^ 'lime to avoid clausing substantial chemical 
changes to one. or both of the phases of the multi-phase material, and 
passing The material out of the treatment area for said subsequent 

15 2. A method according to claim 1 wherein said material raqpeiiences 
nncrowaves in said treatment area for a time of the order of 0) 0.1 
second or less; (ii) 0.01 second or less; or (iii) 0.001 second or less. 

3, A method according to claim 1 or claim 2 wherein pulses of 
20 microwaves, are emitted substantiaUy continuously and the pulses have a 

duration of the order of (i) Ifis or less; or (ii) 10a*s or less; or (iii) 100/« 
or less; ttv) 1ms or less; (v) 10ms or less; 100ms or less. 

4. Amethodaccordingtoelaim3 wherein the substance, whilst in the 
25 treatment area, experiences a series of pulses of energy, said series 

having a number of pulses of the order of i (i) 100 pulses or more; (U) 50 
pulses or more; (iii) 10 pulses or more; (iv) 5 pulses or more; (v) 2 
pulses or more; (vi) one pulse. 
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5. A method acQording to any preceding claim wherein the power 
density produced by tbe microwaves in Hie treatment area is of the order 
of (0 10«Wm-' or more; or (ii) 10"Wm'' or more. 

6. A method according to any preceding daim wherein tbe bulk 
temperature of the material is raised by less than 200°C. and preferably 
less than 150*'C. 

7. A method according to daim 6 wherein tiie bulk temperature of tho 
material is raised by of the order of, or less than: C) 50»C; (ii) 20-C; 
(ii^ lO'C. 

8. A method according to any preceding claim wherein said material 
flows through said treatment area at a rate of atleast.lOD tonnes an hour. 

9. A metliod according to claim 8 wherein said material flows through 
said treatment area at a rate of the order of 1000 tonnes an horn: or more, 

10. A method according to any precedhig daim wherein the first phase 
comprises a desired mineral and the second phase a rock substrate 
surrounding the mineral, and wherein the microwave energy significantly 
weakens the bond strength between the mineral and the surrounding 
substrate by causing local differential thermal expansion. 

11. A method according to daim 10 wherein Ae energy is appUed to 
the material ft>r a short enough time to avoid causing substantial chemical 
changes to (i) the mineral; and/or (ii) both the material and substrate, that 
wjuld detiimentaUy influence the efficiency of subsequent separation of 
the mineral and substrate. 
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12. A method according to any one of claims 1 to 10 wherein the first 
phase comprises a mineral and the second phase comprises water, and 
wherein said pre-tt«aiment con^rises dehydration, said electromagnetic 
energy drying said mineral. 

13. A method according to daim 12 wherein ihe microwaves also cause 
dlrecdy or indirectly firacturiag or wealcening of the mineral. 

14. A method according to daim 12 or daim 13 wbmn said first 
10 phase comprises 0) coal; or (ii) other hydrated mineral. 

15. A method of separating a mineral from an ore comprising pre- 
treating the ore in accordance with any one of claims 1 to 11 and 
subsequently comminuting the ore. preferably by grinding or milling, or 

15 crushing. 

16. A method according to any preceding daim wherein the power 
density within the treatment area produced by the microwaves is from the 
group: of the order of 10" Wm^. or more; 10" Wm^. or more; 10« Wm-', 

20 or more: 10" Wm-». or more, lO*- Wm-». or more; lO^^ Wm ', or more. 

17. A method of recycling artides which have parts made of different 
materials in them comprising pre-treating the artides in accordance with 
any one of daims 1 to 9 and then mediahically stressing the articles in 

25 order to break then up and facilitate the extractian of parts of the artides. 

18. Apparatus for microwave treatment of matetid comprising: 
a microwave treatment zone; 

a microwave emitter disposed at said treatment zone; 
30 a material transporter adapted to transport materid through the 

treatment zone; the arrangement being such that:- 
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tbe emitter is adapted to emit microwaves that create a power 
density of at least lO'Wm*', preferaWy 10" or above; 
and the material transporter is adapted to transport said material through 
the treatment zone fast enough so that said material experiences 
significmt WdroWes ia said zone for a time of the ordqr of Vfe second 
or less, a time that is short enou^ to avoid causing substantial chemical 
change to the material. 

19. Apparatus according to claim X8 adapted to cause said material to 
esqierience microwaves for a time of the order of (D 0.1 second or less; 
or (ii) 0.01 second or less; or ftii) 0.001 second or less. 

20. Apparatus according to claim 18 or clahn 19 adapted to transport 
of the Older of 1000 tonnes of material an hour through the treatment 



15 zone. 



21. Apparatus according to any one of claims 18 to 20 wherein said 
emitter is adapted to produce microwave pulses with a duration of the 
order of a microsecond, or tens of microseconds, or hundreds of 

20 microseconds, or less, tfie material preferably receiving a plurality of 
■ pulses, and preferably many pulses, whilst it is in the treatment zone. 

22. A method of continuous processing of ore or rocks comprising 
applying high power density microwaves, or high/electric field strength 

25 microwaves, on a continuous basis tsj ore or rocks passing through a 
microwave cavity or zone to weaken the ore or roctai at a speed that is 
fast enough to avoid causing substantial chemical change to the ore or 
rocks, and subsequently passing the continuous flow of ore or rocks to a 
mechanical treatment machtae and mechauicany breaking up the ore or 

30 rocks. 
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23. A method according to ciaim 22 wherein the exposure of the ore or 
rocks to the liigh field strength microwaves is "of the order of haJf a 
second or less, or a quarter of a second or less, or 0.1 second or less, or 
D.Ol seconds or less. 

!Ui . . 1---. 'lit- ■■■ ^-^Et^ 

24. Apparatus for continuous processing of ore or rocks comprising 
means for applying high power density microwaves, or high electric field 
strength microwaves, on a continuous basis to ore or rocks passing 
through a microwave cavity or zone to weaken the ore or rocks and feed 
means adapted to pass subsequently the continuous flow of ore or rocks to 
a mechimical treaiment machine adapted medianically to break up the ore 
or rocks. 



25. A method of microwave pre-treatment of a multi-phase material 
15 prior to a subsequent operation on the materiel to extract one material 
from the others, the method comprising providing a continuous feed of 
the multi-phase material duough a region in which appUed microwave 
radiation is present, at a speed to aUow a Oirouglgmt of multi-phase 
material of at least 500 tomies par hour, the microwave radiation creating 
a power densily of at least 10" Wm^». the material experienong 
microwave radiafion for a time of flie order of 1ms or less, during which 
time it ejqieriences one or a pluraUty of pulses of enrargy. preferably 
having a piilse diiratian of Ac order of microseconds or less, and wherein 
the overaU bulk ten^eratore of the multi-phase material does not rise by 
25 more than40-C, and wherein thermal stress is created between phase 
boundaries whicih is large euough to cause inter phase fracturing, and 
wherein the temperature of the phases of the multi-phase material is kept 
low cnou^ to avoid significant changes to the chemical properties of the 
different phase materials. 
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26, A method of increasing the yield of a mineral extracted from an 
ore Having a plurality of phases of materials comprising causing 
weakening of inter-phase boundaries by exposing the ore to high field 
strengm microwaves for a time of less than 0.1 or 0.01 second, the 
microwaves .having a high enough field straagth and> being^ appUed for a 
short enough time to cause differential thermal expansion between 
materials of different phases to cause weakening between phases whilst 
avoiding causing significant chemical dianges to the ore, or at least to the 
mineral to be extracted. 
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